Due to their strong modal confinement, optical microfibres (OMs) provide an excellent opportunity for studying nonlinear effects and in particular intermodally phase matched second (SHG) and third (THG) harmonic generation [1] [2] [3] with predicted efficiencies up to 10 −1 over several cm in an ideal uniform silica OM for both cases. Experimentally however, fabricating the required phase matching diameter uniformly over such lengths remains challenging. A simple solution is to reconfigure the OM as a resonator, such that pump recirculation near resonance increases conversion without the need for higher power sources or OM lengths greater than a few mm. Here, we theoretically study surface-SHG and THG in OM loop resonators [4] by numerically solving the underlying coupled mode equations to determine the dependence of the enhancement on the resonance properties. For a resonance near λ ≈ 1.55 μm, Fig. 1(a) shows the linear transmission of a typical 4 mm diameter loop resonator and the nonlinear transmission at a pump power of P 0 = 100 W. SHG is assumed over a 1 mm length within the loop. On resonance, the second harmonic efficiency is enhanced by a factor of ζ = 10 times greater than the efficiency from an equivalent 1 mm long straight OM (η OM = 1 × 10 −5 ). The enhancement spectrum appears asymmetric and redshifted from the linear resonance spectrum (as reflected in the nonlinear pump spectrum) due to nonlinear phase modulations since the internal pump power is over 3 times greater than the input power; an effect which can introduce bistability at higher pump powers. Fig. 1(b) confirms that nearer to critical coupling (smaller ΔK), the stronger resonance and greater pump recirculation results in a higher enhancement of ζ = 35 (15 dB) at ΔK = 0.7. However, the higher Q resonance reduces the bandwidth to 20 pm, or 12 % of the free spectral range (FSR), whereas a weaker resonance at ΔK = 1.4 would offer a wider bandwidth of 26 % of the FSR at the cost of a much reduced enhancement (ζ = 2). Practically, the OM may be subject to surface dust and moisture contamination, but the enhancement remains significant even for a loss of α = 10 m −1 as seen in Fig. 1(c) . Whereas the SHG efficiency increases quadratically with pump power, for THG the dependence is cubic which leads to much greater resonant enhancements. Indeed, for a 3 mm long loop, THG efficiencies up to several percent can be attained, with ζ = 640 (ΔK = 0.7 and P 0 = 100 W as before), and the peak recirculating power of 860 W would be well tolerated by the loop if using nanosecond pulses. Finally, it should be noted that the conversion can be increased yet further when the harmonic wavelength is co-resonant with the pump.
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